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Glutamine distribution in mitochondria from normal and acidotic rat
kidneys. Mitochondria from control and acidotic rat renal cortex were
incubated with labeled compounds to determine the distribution of L-
glutamine. The mitochondrial preparations lacked detectable phos-
phate-independent glutaminase activity. In control mitochondria, the
distribution of glutamine exceeded that of mannitol by 8% without an
added energy source in the medium and by 9.9% when tetramethyl-p-
phenylenediamine (TMPD) and ascorbate were present. The distribu-
tion of D-ribose(MW 150) was similar to that of L-glutamine (MW 146),
indicating that these molecules penetrate into a slightly larger space
than D-mannitol (MW 182). Inhibition of phosphate-dependent gluta-
minase activity with 5 ms glutamate did not alter the volume of
glutamine distribution. In mitochondria from chronically acidotic rats,
the glutamine/mannitol ratio was 1 .03 in the absence of an energy
source. With an energy source this ratio fell to 0.88 due to metabolism
of glutamine during the separation process. Inhibition of glutamine
metabolism with glutamate or a-ketoglutarate resulted in distribution
ratios of 1.07 and 0.97, respectively. It is concluded that, although
glutamine/mannitol ratios greater than 1 .00 can be demonstrated in rat
kidney mitochondria, such a finding may arise from causes other than
the presence of free glutamine in the matrix space. Thus, it has yet to be
established whether the inner membrane carrier for glutamine releases
glutamine or glutamate into the matrix space.
Distribution de Ia glutamine dans les mitochondries de reins de rats
normaux ou acidotiques. Des mitochondries de cortex renal de rats
contrôles ou acidotiques ont eté incubées avec des substances mar-
quées afin de determiner Ia distribution de Ia L-glutamine. Les prépara-
tions mitochondriales n'avaient pas d 'activité glutaminase phosphate-
indépendante detectable. Dans les mitochondries des contrôles, Ia
distribution de La glutamine dépassait celle du mannitol de 8%, sans
addition de source d'energie dans le milieu et de 9,9% lorsque du
tetramethyl-p-phenylenediamine (TMPD) et de l'ascorbate étaient pré-
sents. La distribution du D-ribose (PM 150) était identique a celle de Ia
L-glutamine (PM 146), ce qui indique que ces molecules pénètrent dans
un espace légerement plus grand que celui D-mannitol (PM 182).
L'inhibition de l'activité glutaminase phosphate-dépendante par 5 mM
de glutamate n'a pas modiflé le volume de distribution de Ia glutamine.
Dans les mitochondries de rats en acidose chronique, le rapport
glutamine/mannitol Etait de 1,03 en l'absence de source d'énergie. En
presence d'une source d'energie, ce rapport a diminué a 0,88 en raison
du métabolisme de Ia glutamine pendant les étapes de separation.
L'inhibition du métabolisme de La glutamine avec du glutamate ou de
l'alpha-ceto-glutarate s'est accompagnée de rapports de distribution de
1,07 et 0,97, respectivement. II ait conclu que, bien que des rapports
glutamine/mannitol supérieurs a i ,oo soient démontrables dans des
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mitochondries de reins de rat, un tel résultat provient d'autres causes
que La presence de glutamine libre dans l'espace matriciel. On ne sait
donc pas encore si le transporteur de Ia glutamine situé dans Ia
membrane interne relargue de Ia glutamine ou du glutamate dans
l'espace matriciel.
Glutamine is the predominant source of ammonia produced in
the kidney during chronic metabolic acidosis. The regulation of
ammonia and glutamine metabolism is a subject of considerable
physiologic importance because ammonium excretion in the
urine is the major means of removing hydrogen ions from the
body in both normal and acidotic states [1]. Formation of
ammonia from glutamine is initiated by phosphate-dependent
glutaminase (L-glutamine aminohydrolase, E.C .3.5.1.2), an en-
zyme located on the inner surface of the inner mitochondrial
membrane [2—4]. For glutamine supplied to the kidney in the
blood to reach phosphate-dependent glutaminase, it must cross
the inner mitochondrial membrane, a barrier which is generally
impermeable to charged molecules. In previous research evi-
dence was provided for a transporter for glutamine in the inner
membrane of rat and dog kidney mitochondria, and it was
shown that an adaptive increase in the activity of this tran sport-
er occurs in chronic metabolic acidosis [5, 6].
Whether or not glutamine can penetrate the inner membrane
of rat kidney mitochondria and appear unaltered in the matrix
space is uncertain. In our initial studies on glutamine transport,
we were unable to detect free glutamine in the matrix space,
although labeled glutamate that formed from ['4C]-glutamine
reached high concentrations in this space [5, 6]. Work by others
confirmed these general findings but did not lead to further
information on the penetration of the inner membrane by
glutamine [7, 8]. However, Curthoys and Shapiro [91 reported
that they were able to find low levels of labeled glutamine in the
matrix space of normal rats, but they were unable to demon-
strate any change in acidosis in the concentration of the
glutamine in the matrix space. These findings raised uncertain-
ties about the role of the glutamine transporter in the adaptation
of ammoniagenesis in chronic metabolic acidosis in the rat.
To clarify the characteristics of glutamine movement across
the inner membrane, we have examined more extensively the
distribution of glutamine in rat kidney mitochondria. The re-
sults show that, within the limits of the technique, glutamine
cannot be demonstrated in the matrix space of mitochondria
from either control or chronically acidotic rats.
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Methods
Experimental procedures. Male Sprague-Dawley rats, weigh-
ing 150 to 200 g, were obtained from King Co., Madison,
Wisconsin, and allowed free access to food and water. Rats
were provided 0.28 M ammonium chloride solution instead of
drinking water for 5 days prior to sacrifice to induce chronic
metabolic acidosis.
Mitochondria were prepared from rat renal cortex by differ-
ential centrifugation using sucrose-Hepes isolation media as
described previously [5, 6]. An integral and essential part of this
preparation process is the careful removal of the "fluffy layer"
from the mitochondrial pellet. This step, which removes broken
mitochondria, brushborder membranes, and microsomes, was
accomplished by swirling a small amount of medium over the
surface of the mitochondrial pellet to remove the loosely
packed fluffy layer.
Mitochondria in a final concentration of 2 to 3 mg protein per
milliliter were incubated for 2 mm at 37° C in media containing,
typically, 130 m potassium chloride, 20 mM Hepes, pH 7.4,
0.5 m magnesium sulfate, 1 p.g/ml rotenone, 1 mM L-[U-14C]-
glutamine, and D-[3H]-mannitol. Where indicated, 0.25 mM
tetramethyl-p-phenylenediamine (TMPD) and 3.25 mM ascor-
bate were added to the medium to provide an energy source.
Immediately before each experiment, labeled glutamine was
passed through a 10 x 0.4 cm Dowex I x 8 formate column to
remove labeled breakdown products of glutamine such as
pyrrolidone carboxylic acid or glutamate. Purified glutamine
was eluted from the column with a small volume of water.
Determinations were made in triplicate for each incubation
condition.
After incubation, 0.2 ml of the mitochondrial suspension was
transferred to a micro-centrifuge tube containing 100 p.I 1 N
perchloric acid beneath a layer of silicone oil. Mitochondria
were separated from the medium by rapid centrifugation
through the silicone layer. The perchloric extract was immedi-
ately neutralized to p1-I 7.0 with potassium hydroxide, chilled to
0°; the precipitate was removed by centrifugation. Simulta-
neously, another sample of medium was added to perchloric
acid and neutralized. The labeled glutamine and glutamate in
these samples were separated on small Dowex 1 formate
columns as described previously [5, 6]. In this procedure,
labeled glutamine was eluted from the column with 5 ml water
and labeled glutamate with 10 ml of 0.1 N formic acid. Frequent
checks were performed to ensure the reliability of the chro-
matographic separation. When media containing ['4C]-gluta-
mine or ['4CJ-glutamate were applied to the column, over 99%
of the glutamine was recovered in the water eluate and over
98% of the glutamate in the formate fraction. When water eluate
from experimental samples was rechromatographed, over 96%
of the radioactivity was recovered in the second water eluate.
When water eluate was incubated with glutaminase to remove
glutamine and then subjected to rechromatography, only 1.4%
of the radioactivity was found in the second water eluate. When
mitochondria were incubated with ['4C1-glutamate under the
same conditions as in the experimental protocol, the water
eluate contained less than 3% of the radioactivity applied to the
column. '4C and 3H radioactivity was determined by counting
in a three-channel liquid scintillation spectrometer using the
automatic external standard ratios method for quench correc-
tion. In separate flasks the mitochondrial outer space and total
water space were determined by including ['4C]-mannitol and
[3H]-water in the medium.
Respiratory control measurements were made on each prepa-
ration to verify the quality of the mitochondria. Protein was
determined by the biuret method. Phosphate-dependent and
phosphate-independent glutaminase were measured as de-
scribed by Curthoys and Weiss [3]. Radioactive compounds
were obtained from New England Nuclear Corp., Boston,
Massachusetts, and L-glutamine from Calbiochem-Behring,
LaJolla, California. Other biochemicals were obtained from
Sigma Chemical Co., St. Louis, Missouri.
Calculations. The flasks in which mitochondria were incubat-
ed with ['4C]-mannitol and [3H]-water provided data for the
calculation of the outer space and total water volumes. The
difference between these values provided an estimate of the
matrix space volume, which typically was 0.9 p.1/mg of protein.
The use of [3H]-mannitol in each experimental flask gave a
direct measurement of the outer space present in each mito-
chondrial pellet. The ['4C1-glutamine content of the pellet and
medium enabled calculation of the volume of distribution of
glutamine in the mitochondria. Dividing the volume of distribu-
tion of glutamine (or other compound) by the volume of
distribution of [3H]-mannitol provided a measure of the relative
distribution of glutamine (or other compound) to that of manni-
tol. If a compound enters the matrix space this ratio will exceed
1,00 but, as noted subsequently, a ratio greater than 1.00 may
also arise from other causes.
Measurement of ['4C]-glutamate in the medium and mito-
chondria enabled calculation of the rate of glutamate formation
and of the concentration of labeled glutamate in the matrix
space.
Results
Phosphate-independent glutaminase in "fluffy layer" and
mitochondria. The presence of phosphate-independent gluta-
minase provides a measure of brushborder contamination in a
preparation. Curthoys and Shapiro [9] found a considerable
amount of this enzyme in their mitochondrial preparations; they
used a Ficoll gradient to purify their preparation. However, as
shown in Figure 1, careful removal of the fluffy layer eliminates
this problem without the need for additional purification steps.
As expected, phosphate-dependent glutaminase was present in
both the fluffy layer and in the mitochondria because both
layers contain mitochondrial components. Phosphate-indepen-
dent glutaminase, on the other hand, was only detectable in the
fluffy layer. The lower limit of detection of the enzyme with this
assay was 0.1 p.mole/mg of protein/per 30 mm. Thus, the
mitochondrial preparations used in these studies were free of
significant phosphate-independent glutaminase contamination.
Glutamine distribution in mitochondria from normal animals.
The results of six experiments in which the relative distribution
of glutamine and mannitol were compared are shown in Table 1.
In mitochondria incubated without an exogenous energy
source, the distribution of glutamine exceeded that of mannitol
by 8%. In previous work it has been shown that in dog kidney
mitochondria the presence of an energy source stimulates the
transport of glutamine as well as of substrate anions [6]. This
stimulatory effect occurred in rat kidney mitochondria as well.
When TMPD and ascorbate were added to the medium, gluta-
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Fig. 1. Glutaminase activity in fluffy layer and mitochondrial fract ions.N = 4. Abbreviations are: PiG, phosphate-independent glutaminase
PDG, phosphate-dependent glutaminase; , activity below limit of
detection. Enzyme activity is in j.moles/minImg of protein.
mate formation increased by 85%. However, the volume of
distribution of glutamine did not change significantly (P > 0.2).
The finding that the distribution of glutamine in this experi-
ment exceeds that of mannitol by 8 or 9% might be interpreted
as the consequence of a small amount of glutamine in the matrix
space. However, this amount is so small that other explanations
need to be considered. Because the molecular weight of manni-
tol is greater than that of glutamine, it is possible that glutamine
might penetrate passively to a slightly greater extent into
mitochondria. To test this possibility, the distribution of D-
ribose, which has a molecular weight (MW) of 150, close to that
of glutamine (MW 146), was measured, Table I shows that the
ribose space was 7.1% greater than that of mannitol and did not
differ significantly (P > 0.5) from the distribution of glutamine.
Thus, the slightly greater glutamine than mannitol space may
reflect the difference in size of these molecules rather than the
presence of glutamine in the matrix space.
In an effort to demonstrate entry of glutamine as such into the
matrix, the activity of phosphate-dependent glutaminase was
inhibited with glutamate, an end-product inhibitor of this en-
zyme [10, 11]. Table 2 shows that in the presence of 5 mM
glutamate, stimulation of glutamate formation by TMPD and
ascorbate was reduced to a level only slightly above the rate
present in nonenergized mitochondria. (It should be noted that
the concentration of glutamate in the matrix space in the table
represents only the amount of labeled glutamate present; when
unlabeled glutamate is present in the medium, high concentra-
tions of glutamate develop in the matrix space, leading to the
inhibition of glutaminase.) Despite the inhibition of glutamin-
ase, the volume of distribution of glutamine did not change.
Thus, neither the stimulation of the glutamine transporter by an
energy source nor simultaneous inhibition of phosphate-depen-
dent glutaminase altered the volume of distribution of glutamine
in mitochondria.
Glutamine distribution in mitochondria from chronically aci-
dotic rats. To obtain optimum conditions to demonstrate free
glutamine within the matrix, conditions were sought in which
very high rates of glutamine transport were present. Previous
evidence from this and other laboratories has shown that
glutamine transport is enhanced markedly in mitochondria from
the acidotic dog or rat kidney [5, 6, 8, 12, 13]. Chronic acidosis,
however, also increased the activity of phosphate-dependent
glutaminase in rat (but not dog) kidney mitochondria [5, 6].
Because the Km of the glutamine transporter appeared to be
only about one-tenth that of phosphate-dependent glutaminase
[6], a low concentration of glutamine in the medium might favor
the transport step over that of glutaminase. Therefore, a low
(0.2 mM) concentration of glutamine in the medium was used to
study the distribution of glutamine in mitochondria from chroni-
cally acidotic rats.
The influence of acidosis on glutamine distribution and
glutamate formation is shown in Table 3. In the absence of an
energy source, the rate of glutamate formation was several
times greater than in nonacidotic mitochondria (Table I) despite
only one-fifth as much glutamine being present in the medium.
The concentration of glutamate in the matrix was accentuated
to an even greater extent in the acidotic mitochondria. Phos-
phate-dependent glutaminase levels (not shown) were elevated
two-fold in acidotic mitochondria. Despite the marked accelera-
tion of glutamine transport in this preparation, glutamine distri-
bution exceeded that of mannitol by only 3.2%. To further
stimulate glutamine transport, TMPD and ascorbate were add-
ed to the medium, resulting in still higher levels of glutamate
formation and matrix accumulation. However, the distribution
of glutamine was significantly (P < 0.001) less than that of
mannitol. This seemingly anomalous finding resulted from the
very high rate of glutamine utilization under these conditions;
during the brief passage of mitochondria through the silicone oil
layer, sufficient glutamine metabolism occurred to diminish the
amount of glutamine in the outer space of the mitochondria,
producing a glutamine/mannitol ratio of less than 1.00. (This
reduced distribution ratio has been noted previously in dog
kidney mitochondria also [6].)
In an attempt to circumvent this latter problem, glutaminase
activity was inhibited with 5 m glutamate. In other flasks, I
mM a-ketoglutarate, which inhibits the glutamine transporter
[14, 151 was added to the medium. Table 4 shows the effects of
these inhibitors on the distribution and metabolism of glutamine
in acidotic mitochondria. With neither inhibitor present, an
energy source again greatly stimulated glutamate formation. As
in nonacidotic mitochondria glutamate inhibited glutaminase
activity although the magnitude of inhibition was considerably
less in acidotic mitochondria. The effect of this inhibition on
glutamine distribution was to increase the glutamine/mannitol
ratio to 1.07 (P < 0.00 1 compared to the ratio without glutamate
in the medium). This value was similar to that for the ribose
distribution which, as in nonacidotic mitochondria, exceeded
that of mannitol by about 7% (results not shown).
The marked effect of c-ketoglutarate on glutamine transport
is demonstrated by the striking inhibition of glutamate accumu-
lation and formation produced by this agent (Table 4). Both the
rate of glutamate formation and the concentration in the matrix
were reduced by over 90%. The distribution of glutamine in this
case was identical to that of mannitol.
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Table 1. Volumes of distribution and glutamine metabolism in mitochondria from rat renal cortex"
Substance
Additions
to medium R5
[Glutamate]M'
m,w
Glutamate formation
nmolelmin/ing of protein
'4C-glutamine 0 1.080 0.012 0.317 0.043 1.00 0.033
'4C-glutamine T + Ad 1.099 0.013 1.15 0.184 1.85 0.043
'4C-ribose 0 1.071 0.004
a Number of experiments (N) = 6. Composition of medium and incubation conditions are described in text in Methods section. Results are mean
SEM. Concentration of glutamine in medium was I mM.
R = (volume of distribution of glutamine or ribose) ÷ (volume of distribution of mannitol).
[Glutamate}M = concentration of glutamate in matrix.
d T + A = TMPD + ascorbate.
Table 2. Effect of inhibition of glutaminase on distribution and
metabolism of glutamine"
Additions to
medium R l'4C-g1utamate]
'4C-glutamate
formation
0 1.085 0.012 0.309 0.033 0.748 0.025
5 m glutamate;
T + A 1.076 0.022 0.147 0.010 0.765 0.032
a All media contained 1 mM ['4C]-glutamine. N = 5. See Table I for
other conditions and abbreviations.
Table 3. Volume of distribution and metabolism of glutamine in
mitochondria from chronically acidotic rats"
Additions
to medium R
[Glutamate]M
msi
'4C-glutamate formation
n,nole/minImg of protein
0 1.032 0.017 2.00 0.19 1.90 0.17
T + A 0.875 0.018 3.61 0.27 2.58 0.15
a Allmedia contained 0.2 mrs ['4C1-glutamine. N = 5. See Table I for
other conditions and abbreviations.
Table 4. Effect of inhibition of glutaminase or glutamine transport on distribution and metabolism of glutamine in mitochondria from
acidotic animals"
Additions to medium R
['4C-glutamatelM
mi '4C-glutamate formationnmole/minling of protein
T + A
5 mM glutamate; T + A
1 mM cs-keto-glutarate;
T + A
0.875 0.020
1.067 0.019
0.967 0.017
4.38 0.12
0.68 0.06
0.17 0.01
3.08 0.10
2.53 0.12
0.23 0.01
"N = 7. Conditions and abbreviations are in Table 3.
Discussion
In general, mitochondrial inner membrane carriers release
transported substances into the matrix space. It is reasonable to
expect the glutamine transporter to do so also. The apparent
demonstration of glutamine in the matrix by others [9] is of
considerable importance in determining the role of the gluta-
mine transporter in regulating glutamine metabolism and am-
moniagenesis in chronic acidosis. Failure to find increased
levels of glutamine in the matrix space of acidotic mitochondria
casts doubt on the role of adaptation of the glutamine transport-
er in controlling ammonia production in acidosis. That is, if the
primary event leading to increased ammonia production from
glutamine in acidosis is enhanced transport of glutamine, as
studies from our laboratory and others have suggested [5, 6, 8,
12, 13], then under appropriate conditions higher levels of
glutamine should be demonstrable in the matrix space of
acidotic mitochondria, However, previously we could not dem-
onstrate glutamine in the matrix of control or acidotic mito-
chondria [5, 6]. This finding led us to conclude that either
phosphate-dependent glutaminase is an integral part of the
glutamine transporter, so that glutamate is released into the
matrix, or that glutamine entering the matrix is used up so
rapidly by glutaminase that none is detectable in the matrix.
The work of Curthoys and Shapiro F9] led us to reexamine our
previous evidence on the distribution of glutamine. These
investigators found small amounts of glutamine in the matrix
space of control and acidotic mitochondria. which were pre-
pared by using a Ficoll gradient to free their preparations from
contamination with phosphate-independent glutaminase, a
brushborder enzyme. They attributed our inability to demon-
strate glutamine in the matrix as a result of the presence in our
preparations of this latter enzyme, which we had not measured
in our previous rat mitochondrial preparations. They concluded
that mitochondrial transport is not a rate-limiting step in gluta-
mine transport. The glutamine distribution ratios found by these
investigators in mitochondria from control animals were 1.14 to
1.18. They used sucrose, which has a volume of distribution
less than that of mannitol, as a measure for the outer space
volume. Correcting for this difference, the ratios found by
Curthoys and Shapiro are similar to those in the present study.
As discussed below, our results indicate that the glutamine
measured under these conditions probably lies entirely outside
the matrix space. Reliable conclusions on the activity of the
glutamine transporter therefore cannot be drawn from gluta-
mine distribution ratios only slightly greater than 1.0. Thus, the
results of Curthoys and Shapiro do not diminish the evidence
presented in several other studies [5, 6, 8, 12, 13] which point to
778 Simpson and Hecker
mitochondrial glutamine transport as the initial adaptive site in
the response of ammoniagenesis to acidosis.
The results of the present study show that the distribution of
glutamine generally exceeds that of mannitol by a few percent
in nonacidotic mitochondria. Before this finding can be inter-
preted as reflecting free glutamine in the matrix space, other
influences on the glutamine/mannitol ratio must be considered.
Several mechanisms other than transport may result in a
glutamine/mannitol ratio greater than 1.00. If glutamine diffuses
passively into a space greater than that of mannitol, a ratio
greater than 1.00 will be obtained. This effect is demonstrated
by the finding (Table 1) that the ribose space exceeds that of
mannitol. Diffusion of smaller molecules like ribose or gluta-
mine into a larger space than mannitol might be a result of the
intrinsic permeability properties of the inner membrane permit-
ting small molecules to move into a greater space than larger
ones. Or, it might occur from damage during preparation to a
small population of mitochondria enabling smaller molecules to
cross the inner membrane barrier. A glutamine/mannitol ratio
greater than 1.00 might also arise from the binding of glutamine
to mitochondrial constituents. Similarly, if the preparation
contains nonmitochondrial vesicles into which glutamine but
not mannitol can diffuse, a glutamine distribution greater than
that of mannitol will be found, Finally, it should be noted that
any leakage of nonglutamine-labeled material on the rinsing of
the column used to separate glutamine and glutamine will lead
to artefactually increased amounts of radioactivity in the gluta-
mine fraction. When glutamate formation is very high, as in the
acidotic mitochondria, even a small leak of labeled glutamate
could cause a significant apparent increase in glutamine distri-
bution. Thus, the separation method requires constant monitor-
ing to ensure accurate results.
The glutamine/mannitol ratio can also be diminished in sever-
al ways. To the extent that glutamine is metabolized during the
separation procedure, the radioactivity of glutamine will be
reduced in the mitochondrial extract. Although the time for
passage of mitochondria through the silicone oil layer is only a
few seconds, when glutamine transport is very active as in
acidosis, this time span is sufficient to allow a distinct reduction
in the glutamine/mannitol ratio (Table 3). A similar result may
arise if nonmitochondrial glutaminase activity is present in the
preparation. However, as shown in Figure 1, our mitochondrial
preparations are free of phosphate-independent glutaminase
contamination.
These considerations indicate the need for much caution in
concluding from studies of this type that free glutamine is
present in the matrix space. Given the many factors which can
influence the glutamine/mannitol ratio plus the experimental
errors which are inherent in the many analytical steps involved
in determining this ratio, a glutamine distribution exceeding that
of mannitol by 10 or more percent could arise without free
glutamine actually being present in the matrix. Thus, the results
of the present study confirm our earlier findings [5, 61: Despite
the rapid transport of glutamine across the inner mitochondrial
membrane, its release into the matrix as free glutamine has yet
to be convincingly demonstrated.
Only one of the findings in this study is suggestive of direct
release of glutamine after transport. In acidotic mitochondria
incubated with an energy source but without inhibitors, the
glutamine/mannitol ratio was significantly less than 1.00 (Table
4). This decreased ratio resulted from the high rate of glutamine
utilization causing removal of labeled glutamine from the outer
space fluid during separation of mitochondria and medium,
When glutamate was added to inhibit phosphate-dependent
glutaminase, the volume of distribution of glutamine increased
by over 20% (glutamine/mannitol ratio of 1.07 with glutamate
versus 0.88 without inhibitor). However, the rate of labeled
glutamate formation with unlabeled glutamate in the medium
was reduced only modestly to about 80% of that found without
inhibitor, This rate is high enough that sufficient glutamine
removal should have occurred during separation to reduce the
volume of distribution of glutamine to a value considerably less
than that of mannitol. The fact that the glutamine/mannitol ratio
in acidotic mitochondria inhibited with glutamate was actually
slightly greater rather than less than 1.00 may be the result of
accumulation of glutamine in the matrix space. Such a finding
would indicate that the glutamine transporter releases its sub-
strate into the matrix. While it is tempting to interpret the
results obtained with glutamate inhibition as evidence for
matrix entry of glutamine, caution should prevail until a more
definitive demonstration is obtained. Ideally, complete inhibi-
tion of glutaminase would provide optimum conditions for
study of the glutamine transporter. So far, despite trials with
many inhibitors of glutaminase, we have not been successful in
achieving greater inhibition of the enzyme without also causing
accompanying damage to mitochondrial integrity. We conclude
that at present it is still an open question whether the glutamine
transporter releases glutamine into the matrix or converts it to
glutamate before release.
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